Percolation has been studied extensively and a number of applications have been proposed due to its simplicity.
Percolation has been studied extensively and a number of applications have been proposed due to its simplicity. 1) One of its most interesting applications in solid state physics is the metal-insulator transition. Since the quantum phase transition is defined at absolute zero of temperature, the classical percolation picture is insufficient and the quantum effects should be taken into account. Thus localization due to the quantum interference effect becomes very important.
2)
In the classical percolation, we consider conducting and insulating elements. We define the portion of the conducting part to be p. With the increase of the conducting part, the current begins to flow once the conducting part percolates throughout the system, and the system becomes metallic. This metal-insulator transition occurs at the percolation threshold p = p c . However, in the quantum percolation (QP), even if there is already an infinite cluster, the wave function may be localized and the system remains to be in the insulating regime. With further increase of p, the localized wave function becomes delocalized at the quantum percolation threshold, p = p q (≥ p c ).
The MITs of non-interacting electron systems with randomness are often described as the Anderson transition (AT).
3) If the QP belongs to the universality class of AT, our understandings of the QP are deepened, and it has been discussed whether the QP belongs to the universality classes of the AT or not.
The most direct way is to estimate precisely the critical exponent of the QP and compare it with that for the AT. However, the exponent for the QP is at variance. For example, the critical exponent ν for the divergence of correlation and localization lengths ranges from 0.38 to 2.1.
4-15)
Using the finite size scaling of the energy level statistics, 15, 16) we have recently studied the three dimensional (3D) bond percolation problems and estimated ν and p q . We have studied the effect of breaking the time reversal symmetry, 17, 18) which is very important for the AT. The decrease of p q by breaking the time reversal symmetry and the values of ν are consistent with the conjecture that the QP is the AT.
In this paper, we give further support of this conjecture by showing that the localization-delocalization transition occurs in 2D systems in the presence of time reversal but in the absence of the spin-rotational symmetry. This is consistent with the 2D Anderson transition that * E-mail address: ohtsuki@sophia.ac.jp occurs only in the symplectic class. We then investigate the time evolution of the wave packet at the quantum percolation threshold. We calculate the radius of the wavepacket r 2 (t) and find that it grows as t 2/3 typical for the 3D AT.
19)
We first analyze the 2D Ando model 20) where the Hamiltonian is give by
with
We set θ = π/4. V (i; j) is 1 when the nearest neighboring sites i and j are connected with probability p and 0 otherwise. As in ref.
, [15] [16] [17] we first calculate the level spacing distribution P (s). We then define I(s) and Λ(p, L) as
and
Here we take s 0 = 1.2. Result of the scaling plot is shown in Fig. 1 . Here the subscript Wig and P means the Wigner surmise and the Poisson distribution, respectively. The lines are the fit to the scaling form,
From this fitting, we estimate p q = 0.647 ± 0.001 and ν = 2.82 ± 0.40, consistent with the estimates of the 2D AT for the symplectic class.
21)
On the other hand, we do not observe any transition in 2D up to p = 0.9 when both the time reversal and spin rotation symmetries (θ = 0) exist (Fig. 2) . Now we investigate the 3D wave packet dynamics at the quantum percolation threshold. If the QP is the AT, we expect the anomalous diffusion of r 2 (t) ∼ t 2/d , d being the dimension. 19) In 3D, therefore, the anomalous behavior of t 2/3 is expected to occur. We consider 155 × 155 × 155 simple cubic lattice. We prepare a initial wave packet located at the center of the system at the quantum percolation threshold, and follow its time development by the equation of motion method. 19) In Fig. 3 , we show the double logarithmic plot of r 2 (t) vs t. In this figure, the behavior for the Anderson model at the critical point, that for the quantum bond percolation at the QP threshold (p q = 0.325) and that for the quantum site percolation at the QP threshold (p q = 0.39) are shown. The metallic dependence of ∝ t and the anomalous diffusion of the classical 3D percolation t 0.42 are also shown. Though the prefactors are different, both the AT and the QP shows t 2/3 behavior. In summary, we have observed 2D quantum percolation transition in the absence of spin-rotation symmetry. The exponent ν is consistent with the recent estimate for the 2D symplectic class. 21) We have also examined that in 2D we observe no transition in the presence of the spin rotation symmetry, again consistent with the present conjecture. We then observed the anomalous diffusion for the 3D systems, which is also consistent with the AT. Combined with the previous reports, 17) we conclude that the quantum percolation is the Anderson transition. 
